CONTEXT AND OBJECTIVE: P 2 hyperphonesis is considered to be a valuable finding in semiological diagnoses of pulmonary hypertension (PH). The aim here was to evaluate the accuracy of the pulmonary component of second heart sounds for predicting PH in patients with interstitial lung disease. DESIGN AND SETTING: Cross-sectional study at the University of Brasilia and Hospital de Base do Distrito Federal. METHODS: Heart sounds were acquired using an electronic stethoscope and were analyzed using phonocardiography. Clinical signs suggestive of PH, such as second heart sound (S 2 ) in pulmonary area louder than in aortic area; P 2 > A 2 in pulmonary area and P 2 present in mitral area, were compared with Doppler echocardiographic parameters suggestive of PH. Sensitivity (S), specificity (Sp) and positive (LR+) and negative (LR-) likelihood ratios were evaluated. RESULTS: There was no significant correlation between S 2 or P 2 amplitude and PASP (pulmonary artery systolic pressure) (P = 0.185 and 0.115; P= 0.13 and 0.34, respectively). Higher S 2 in pulmonary area than in aortic area, compared with all the criteria suggestive of PH, showed S = 60%, Sp= 22%; LR+ = 0.7; LR-= 1.7; while P 2 > A 2 showed S= 57%, Sp = 39%; LR+ = 0.9; LR-= 1.1; and P 2 in mitral area showed: S= 68%, Sp = 41%; LR+ = 1.1; LR-= 0.7. All these signals together showed: S= 50%, Sp = 56%.
INTRODUCTION
Interstitial lung diseases are a heterogeneous group of disorders that affect the lung parenchyma. However, despite their differences, they all share chronic evolution associated with functional and structural deterioration of the pulmonary parenchyma. 1 This process is often also accompanied by pulmonary hypertension (PH), caused either by hypoxic pulmonary vasoconstriction or direct vascular impairment of vascular function, such as occurs in sarcoidosis. 2 The presence of PH is a predictor of mortality. 3 Detecting the presence of PH is important because this disorder is a determining factor for various therapeutic measures, among them lung transplantation. 3 Moreover, a finding of PH may signal inapparent hypoxemia, such as occurs repeatedly during sleep or upon physical effort. Therefore, prompt and easy identification of factors that can provide additional information about the evolution of the disease is extremely important.
In 1970, Harris 4 considered that both the intensity of the second heart sound (S 2 ) and its behavior during breathing deserved attention during routine auscultation. A change in its characteristics could be an early clinical sign of PH. 5 In this scenario, splitting of S 2 mainly occurs because of delays in the pulmonary component (P 2 ), although there is a slight advance of the aortic component (A 2 ). This occurs even during expiration, with a delay of 0.02 to 0.03 seconds, and 0.02 in only 2% of the population, especially in children and young adults. 6 Hyperphonesis of P 2 has traditionally been acknowledged in all semiology books as indicative of PH. However, there is little evidence to support this. It is defined as more accentuated presence of S 2 in the pulmonic area than in the aortic area 5 or, more specifically, as P 2 > A 2 in the pulmonic area. It shows highly variable sensitivity (S) (96% to 58%) and specificity (Sp) (46% to 19%). 5, 7 In fact, it is not uncommon for a semiological tradition to be established based on pathophysiological deductions, without proper clinical validation of the finding, including its perceived variability, which has a direct relationship with the credibility and routine application of this knowledge on a daily basis.
For instance, the reliability of cardiac auscultation findings is rarely evaluated. Regardless of these issues, hyperphonesis of P 2 is still included in the guidelines for PH as an indicator of this condition. 8 If, on the one hand, the benefits arising from a useful clinical finding, as a means for diagnosis that is doubly accessible in terms of both cost and speed of recognition, are enormous; on the other hand, acceptance of unproven validity can be harmful to the same extent. Therefore, it is increasingly important to determine the accuracy and real reliability of these clinical findings.
OBJECTIVE
In this study, we aimed to evaluate the pulmonary component of S 2 as a predictor of PH in patients with interstitial lung diseases.
We also attempt to determine the pulmonary artery systolic pressure (PASP) value at which the pulmonary component of S 2
would be a more useful predictor of PH.
METHODS
This was a cross-sectional study from March to November 2011, in which 69 patients with various interstitial lung diseases seen in the outpatient care of a tertiary-level hospital were consecutively examined. This number was defined a priori, assuming an effect size of 0.4 w for the outcome, which represents a moderate to great effect, in addition to 80% power and an α value of 5%. 9 The study protocol was approved by our institution's ethics committee and all the participating subjects signed an informed consent form. 
Phonocardiogram
Phonocardiograms corresponding to heart sounds obtained by means of an electronic stethoscope were recorded in the aortic, pulmonic, mitral and tricuspid areas. The recording was done during spontaneous and continuous breathing.
The pulse tracings were transformed into signals by means of the Zargis Cardioscan heart sound analysis software (Princeton, NJ, USA) and were adjusted for reading in accordance with the same measurement scale. The amplitude of S 2 was measured (with or without splitting) and the amplitude of its P 2 component was measured separately; both measurements were obtained in the pulmonic area.
The parameters subsequently evaluated were the relative intensities of A 2 and P 2 in the pulmonic area; occurrences of P 2 of greater amplitude than A 2 (P 2 > A 2 ); P 2 in the mitral area; absence of splitting of S 2 ; and, finally, simultaneous occurrence of all the parameters.
The analyses were performed by three independent examiners. They took into consideration the sounds, the pulse tracings and the additional features of the software, which made it possible to view the spectrums of the phonographic wave forms, among other things. Decisions were then based on the consensus reached among the examiners.
Phonocardiogram results were also compared with PASP measurements by means of Doppler echocardiography, using Doppler and additional criteria for diagnosing PH, as described below.
Transthoracic Doppler echocardiography
For transthoracic Doppler echocardiography evaluations, the patients were examined in the left lateral decubitus position, using standard echocardiographic projections. We used an ultrasound machine (model Vivid S5, General Electric. Milwaukee, WI, USA) with a multifrequency transducer and a frequency range from 2.5 to 3.5 MHz.
Measurements of variables relating to the heart chambers and ventricular function were obtained as established by the American Society of Echocardiography. To calculate PASP by measuring tricuspid regurgitation, we used the modified Bernoulli equation. We then obtained the pressure gradient between the right ventricle (RV) and right atrium (RA). The estimated right atrial pressure was added to this parameter, 11, 12 given that there was no right ventricular outflow tract obstruction. Right atrial pressure was obtained by assessing the percentage collapse and the diameter of the inferior vena cava during spontaneous breathing. If the inspiratory collapse was greater than 50% and the diameter was less than 2.1 cm, the pressure added was 5 mmHg; if the inspiratory collapse was less than 50% and the diameter was greater than 2.1 cm, the pressure added was 10 mmHg; in patients where the inferior vena cava plethora was markedly greater than 2.1 cm and collapse was less than 50%, the pressure added was 20 mmHg.
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Pulmonary hypertension criteria
Pulmonary hypertension was considered "probable" when PASP was greater than 50 mmHg. 15, 16 It was considered "possible" when PASP fluctuated between 37 and 50 mmHg, or when it was below and negative (LR-) likelihood ratios was constructed in order to determine the discriminatory power of each parameter studied.
The area under the curve was expressed in terms of the 95% confidence interval (95% CI).
The findings were considered statistically significant when the probability P for two-tailed tests was P < 0.05. The data were analyzed using the Statistical Package for the Social Sciences (SPSS) software version 20 and Excel, both for the Mac OS X operating system.
RESULTS
The prevalence of PH in the sample, when all the echocardiographic criteria were taken into consideration, was 73% in patients with idiopathic pulmonary fibrosis, 41% in those with idiopathic diseases, 27% in those with collagen-vascular disease, 22% in those with sarcoidosis, 25% in those with chronic hypersensitivity pneumonia and 25% in those with other diffuse lung diseases. In these patients, the forced vital capacity (FVC)
showed a mean of 67 ± 22.7%, with a minimum value of 18%
and maximum of 110%. Hemoglobin oxygen saturation (SpO 2 )
in ambient air showed a mean of 93.4 ± 4.8% and a minimum value of 70% and maximum of 99%.
PASP estimated by means of Doppler echocardiography (which was feasible in all tests) was normal in 41 patients (59.4%), while 17 (24.7%) had additional echocardiographic criteria that, together with PASP, were suggestive of PH (possible PH). In 11 patients (15.9%), the PASP values measured by means of Doppler indicated PH (probable PH). Therefore, the combination of all the criteria measured through the examination led us to observe PH in 28 patients (40.6%). Tables 2 and 3 .
From observing the behavior of the maximum amplitude of S 2 on phonocardiography (with or without splitting) and the amplitude of P 2 , in relation to the variation of PASP, we obtained a weak and not statistically significant correlation. The correlation index ρ was 0.185 for S 2 (P = 0.13) and 0.115 for P 2 (P = 0.34).
In assessing the ROC curve, the best cutoff point for PASP was defined as 53 mmHg. At this pressure, simultaneous presence of the three clinical signs studied showed LR+ = 2.32 and LR-= 0.88. The area under the curve was 0.518 (95% CI: 0.376 to 0.659; P = 0.80). This value was very close to the limit set for probable PH. Considering the pretest probability to be the prevalence of PH above 53 mmHg within the sample studied (which was 13%), the post-test probability would increase to 26%. For each clinical sign isolated, there were no points on the curve that yielded LR+ greater than 2 or LR-less than 0.5.
DISCUSSION
This study included patients with several types of interstitial lung diseases, with different FVC values and degrees of hypoxemia at the time of evaluation. We observed a range of situations: normal PASP values, mild degrees of PH and also markedly elevated levels of the disease, which constituted the later stages of this comorbidity. The prevalence of PH in these diseases varies widely according to the diagnosis and pulmonary involvement. It is also a predictor of morbidity and mortality. [17] [18] [19] Doppler echocardiography has been used in other clinical studies to trace PH, in which the prevalence of this disorder was between 5.7% and 73.8% when pulmonary involvement was due to sarcoidosis. 20 In interstitial diseases relating to collagenosis, especially scleroderma, the prevalence of PH was around 18.1%. 21 In idiopathic pulmonary fibrosis, these data are not yet well defined, with the possibility of reaching 84% in patients with advanced degrees of pulmonary involvement. 22 Other authors have also demonstrated its occurrence in one third of patients with IPF (interstitial pulmonary fibrosis). 23 In the present study, the prevalence rates of PH were in agreement with the range of values previously reported.
Since the recognition of inspiratory splitting of the second heart sound by Potain 24 100 years ago, numerous studies have tried to explain how these heart sound variations occur and whether these changes can be attributed to various disorders.
Analyses have been conducted with the aim of comparing traditional phonocardiograms with intracardiac pressure measurements made through cardiac catheterization, in order to relate pressure values to semiological findings.
There are no studies comparing intracardiac pressure measurements obtained using Doppler echocardiography with digital phonocardiogram pulse tracings obtained using an electronic stethoscope, in which patients with interstitial lung disease were specifically targeted. However, the reasons that would lead to increased PASP and possible semiological changes would be similar to those found in other diseases.
The relative intensities of heart sounds are still an integral part of auscultation. In cases of PH, the explanation for findings that the pulmonary component of the second heart sound presents greater intensity than that of the aortic component is believed to be associated with hemodynamic concepts and factors relating to the anatomy of the pulmonary artery. 25 However, there is still controversy about the exact mechanism of this phenomenon.
Earlier studies [25] [26] [27] indicated that the amplitude of the P 2 component in PH may not differ significantly from that of A 2 .
This would be explained by the fact that although the diastolic pressure gradient in the right ventricle is elevated in this condition, it would not exceed the gradient of the left chamber. In this regard, increased amplitude of the P 2 component could only be 25 One anatomical factor that could also contribute towards greater amplitude of P 2 in cases of PH would be greater surface area of the pulmonary valve and higher pulmonary artery distensibility, which would produce intense vibration of the semilunar valves, in comparison with the aortic valve. The combination of these factors was significant. 26, 27 The data from our study were consistent with the facts previously described and also showed no relationship between higher amplitude of the P 2 component mea- the mitral area were also compared in other studies in which pressure measurements were made by means of catheterization. There was no relationship between elevated measurements and the existence of these signs. In this context, the S and Sp values for highamplitude P 2 components were respectively 58-96% and 19-46%, thus demonstrating a wide variation. 5, 7 So far, the results from rigorous analysis on the S and Sp of semiological findings predictive of PH that were associated with the second heart sound have not been conclusive. However, our results showed that the discriminatory power of each of the clinical parameters evaluated was not very important for the diagnostic suspicion of PH "at the bedside".
It should be noted that even the data from the NIH registry, which was a relevant prospective study, refer to the existence of an accentuated pulmonary component of the second heart sound, seen on clinical examination in more than 90% of the patients with PH, irrespective of its cause. 30 However, the NIH study aimed to investigate factors associated with survival in this population.
The only concern was to report the clinical findings, without determining the S and Sp of these semiological findings. 
